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FILTER DEVICE FOR HELICOPTER BLADE
TRACKER

BACKGROUND OF THE INVENTION

The present invention generally relates to a filter and more
particularly, to a filter device of a helicopter blade tracker.

After maintenance has been performed on a helicopter, the
blades must be positioned within predetermined tolerance
limits. Conventionally, the positions of the blades are deter-
mined by a helicopter blade tracker which 1s mounted on a
tuselage of the helicopter and ornents upwardly toward the
underside of the blades. The helicopter blade tracker views
cach of the blades through a narrow window and operates on
the principle that a high-flying blade remains in the field of
view longer than a low flying blade.

A discrepancy of this conventional practice 1n determining
the positions of the blades 1s that when the helicopter blade
tracker operates 1n, for example, direct and bright sunlight,
the accuracy of 1t may be substantially reduced so that the
positions of the blades may not be properly tracked.

As can be seen there 1s a need for improving the detection
ol blade position 1n a helicopter blade tracking system.

SUMMARY OF THE INVENTION

In one aspect of the present invention, a helicopter blade
tracking system comprises a helicopter blade tracker; and a
sunlight filter device which comprises a hollow filter housing
having a first opening, a second opening and a recerving
cavity; a filter assembly mounted 1n the receiving cavity of the
filter housing and 1s adapted to filter out sunlight; and a
mounting system extending from the hollow filter housing to
securcly mount the hollow filter housing on the helicopter
blade tracker, wherein the helicopter blade tracker 1s disposed
in optical communication with the filter assembly through the
second opening.

In another aspect of the present invention, a sunlight filter
device for a helicopter blade tracker comprises a hollow filter
housing having a first opening, a second opeming, and a
receiving cavity; a filter assembly mounted 1n the recerving,
cavity of the hollow filter housing and 1s adapted to filter out
sunlight; and a mounting system extending from on the hol-
low filter housing to securely support the hollow filter hous-
ing on the helicopter blade tracker, wherein the helicopter
blade tracker 1s disposed 1n optical communication with the
filter assembly through the second opening.

These and other features, aspects and advantages of the
present invention will become better understood with refer-
ence to the following drawings, description and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of helicopter blade tracking
system according to one embodiment of the present mnven-
tion;

FIG. 2 1s a perspective view of a sunlight filter device
according to one embodiment of the present invention;

FIG. 3 1s an exploded perspective view of the sunlight filter

device of FIG. 2;
FI1G. 4 15 a sectional side view of the sunlight filter device

of FIG. 2 along line A-A; and
FIG. 5 1s a schematic diagram of the helicopter blade

tracking system of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

The following detailed description 1s of the best currently
contemplated modes of carrying out the invention. The
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2

description 1s not to be taken 1n a limiting sense, but 1s made
merely for the purpose of illustrating the general principles of
the 1nvention, since the scope of the invention 1s best defined
by the appended claims.

Various mventive features are described below that can
cach be used independently of one another or 1n combination
with other features. However, any single inventive feature
may not address any of the problems discussed above or may
only address one of the problems discussed above. Further-
more, one or more of the problems discussed above may not
be fully addressed by any of the features described below.

Referring to the Figures 1n general, references to elements
in subsequent Figures called out in previous Figures will be
understood as referring back to the previous Figure(s).

As shown in FIG. 1 to FIG. 5, broadly, one embodiment of
the present mvention generally provides a helicopter blade
tracking system 1 comprising a helicopter blade tracker 10
and a sunlight filter device 20 supported on the helicopter
blade tracker 10. The helicopter blade tracker 10 1s to be used
on a helicopter having a fuselage and a plurality of helicopter
blades (not shown). The helicopter blade tracker 10 may be
mounted on the fuselage 100 and may be orniented to point
toward the underside of the blades for optically determinming,
the positions of the helicopter blades as they rotate into view.
As shownin FIG. 1 and FIG. 5, the helicopter blade tracker 10
comprises a tracker housing 11 having a window 111, and an
optical blade tracking module 112 mounted in the tracker
housing 11. The optical blade tracking module 112 may opti-
cally detect the position of the helicopter blades via the win-
dow 111. The optical blade tracking module 112 may com-
prise an optical emitter 1121 a signal recerver 1122, and a
processing unit 1123 electrically connected to the optical
emitter 1121 and the signal receiver 1122. The optical emitter
1121 may emit optical signals propagating toward the heli-
copter blades. The optical signals may be retlected by the
helicopter blades and are received by the signal recerver 1122.
The processing unit 1123 may process the received signals
and may export the signals to a signal analyzer (not shown).
The signal analyzer may be loaded with a software to analyze
the optical signal and determine the positions of the helicop-
ter blades.

The sunlight filter device 20 comprises a hollow filter hous-
ing 21, a filter assembly 22, and a mounting arrangement 23.

As shown 1n FIG. 1 to FIG. 4, the hollow filter housing 21
of the sunlight filter device 20 may comprise a first opening
211, asecond opening 212, and a recerving cavity 213 formed
between the first opening 211 and the second opening 212.

The filter assembly 22 1s mounted in the receiving cavity
213 of the hollow filter housing 21 and 1s adapted to filter out
sunlight. The mounting arrangement 23 extends from the
hollow filter housing 21 to securely support the hollow filter
housing 21 on the helicopter blade tracker 10, 1n such a
manner that the helicopter blade tracker 10 1s configured to be
in optical communication with the filter assembly 22 of the
sunlight filter device 20 through the second opening 212.

The hollow filter housing 21 of the sunlight filter device 20
may have a circular cross section and have a first portion 214
and a second portion 215 downwardly extended from the first
portion 214, wherein the first portion 214 has a diameter
smaller than that of the second portion 2135. The {irst opening
211 1s formed on the first portion 214 while the second open-
ing 212 1s formed on the second portion 215 at a position
opposite to the first opening 211. Furthermore, a diameter of
the first opening 211 1s smaller than that of the second open-
ing 212.

As shown in FIG. 4 of the drawings, the hollow filter
housing 21 may further comprise retention member 216 pro-
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vided 1n the recerving cavity 213 configured for retaining the
filter assembly 22. Specifically, the retention member 216 1s
provided 1n the receiving cavity 213 and has a tubular struc-
ture extending from a sidewall of the first portion 214 to the
second portion 215 of the hollow filter housing 21. The reten-
tion member 216 may define a supporting platform 2161 on
its top end for supporting the filter assembly 20.

The filter assembly 22 may comprise a filter lens 221
attached on the supporting platform 2161 of the retention
member 216. The filter lens 221 1s disposed 1n the recerving,
cavity 213, and may be attached on the supporting platiorm
2161 by applying a conventional adhesive agent.

The filter lens 221 1s amulti-layered lens and may comprise
a polarizer lens layer which allows color and contrast
enhancement, as well as retlection control. The polarizer lens
layer may also be used for increasing general outdoor color
saturation and contrast. Moreover, the filter lens 221 may also
comprise a neutral density filter lens layer which 1s arranged
to absorb light evenly throughout the visible spectrum.

The mounting arrangement 23 comprises a securing clamp
231 mounted on the second portion 215 of the hollow filter
housing 21, a restraint cable 232 having a first end portion
2321 attached on the securing clamp 231, and a second end
portion 2322 extended from the securing clamp 231, and a
clipping member 233 provided on the second end portion
2322 of the restraint cable 232.

The securing clamp 231 has an elongated structure and 1s
bent to wrap around the second portion 215 of the hollow
filter housing 21. The securing clamp 231 may be configured
from metallic material, such as stainless steel. The securing
clamp 231 may have a securing bar 2311 which supports the
first end portion 2321 of the restraint cable 232.

The restraint cable 232 may further have a first fastener
2323 provided on the first end portion 2321 for securely
fastening the first end portion 2321 of the restraint cable 232
to the securing bar 2311 of the securing clamp 231. The first
fastener 2323 may be configured as a ferrule such that the first
end portion 2321 of the restraint cable 232 may be bent to
form a loop passing around the securing bar 2311 for con-
necting the restraint cable 232 to the securing clamp 231.

The clipping member 233 may have a second fastener 2331
provided on the second end portion 2322 of the restraint cable
configured to wrap around the helicopter blade tracker 10 or
the fuselage of the helicopter and attach back to a desirable
position on the restraint cable 232 in a detachable manner.

Experiments were performed to test the effectiveness of the
sunlight filter device 20. The acquisition of blade position as
a blade passed mnto view of the blade tracker 10 was measured
both with and without use of the filter device 20. Measure-
ments were taken as the number of occurrences the blade
passed mnto view and was detected by the helicopter blade
tracker 10. Under some standards, for helicopter blades to
quality as properly aligned, their detection should be 1n the
range of 30 to 60 detections within a predetermined time. The
results of the tests are shown by the number of blade cross
counts detected by the helicopter blade tracker 10. A helicop-
ter with a known calibrated blade alignment was used for each
test. Table 1 below summarizes the results of blade counts
detected without use of the filter device 20.

TABLE 1
Index Blade Cross Count Number
Blade Test # 1 Test # 2 Test # 3 Test# 4 Test# 5
0 2 0 0 9 0
1 2 0 0 9 0
2 2 0 0 9 0
3 2 0 0 9 0
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4
TABLE 1-continued

Index Blade Cross Count Number

Blade Test# 1 Test # 2 Test # 3 Test #4 Test# 5
4 12 0 0 9 0
5 12 0 0 9 0
6 12 0 0 9 0

The five tests above were carried out in direct sunlight. The
results showed that the helicopter blade tracker 10 failed to
accurately acquire the positioning data of the helicopter
blades.

After the sunlight filter device 20 was mounted on the
helicopter blade tracker 10, experiments were again carried
out to test the effectiveness of the helicopter blade tracker 10
working under a similar environment. The results are sum-
marized in Table 2 below. As shown 1n Table 2, the blade cross
count number for all index blades 1s 60.

TABLE 2

Index Blade Cross
Blade Count Number

0 60

1 60

2 60

3 60

4 60

5 60

6 60

It should be understood, of course, that the foregoing
relates to exemplary embodiments of the mnvention and that
modifications may be made without departing from the spirit
and scope of the invention as set forth in the following claims.

I claim:

1. A sunlight filter device for a helicopter blade tracker,
comprising;

a hollow filter housing having a first opening, a second

opening, and a receving cavity;

a filter assembly mounted 1n the recerving cavity of the

hollow filter housing adapted to filter out sunlight; and

a mounting system provided on the hollow filter housing to

securely support the hollow filter housing on the heli-
copter blade tracker, wherein the helicopter blade
tracker 1s disposed 1n optical communication with the
filter assembly.

2. The sunlight filter device as recited 1n claim 1, wherein
the hollow filter housing has a first portion and a second
portion downwardly extending from the first portion, wherein
the first portion has a diameter smaller than that of the second
portion, wherein the first opening 1s formed on the first por-
tion while the second opening 1s formed on the second portion
at a position opposite to the first opening.

3. The sunlight filter device as recited in claim 2, wherein
the hollow filter housing further comprises a retention mem-
ber provided in the receiving cavity, and has a tubular struc-
ture extending from a sidewall of the first portion to the
second portion of the hollow filter housing, and defining a
supporting platform on a top end of the retention member for
supporting the filter assembly.

4. The sunlight filter device as recited 1n claim 3, wherein
the filter assembly comprises a filter lens securely attached in
the recerving cavity, wherein the filter lens comprises a polar-
izer lens layer adapted for performing color and contrast
enhancement for the helicopter blade tracker.
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5. The sunlight filter device as recited 1n claim 4, wherein
the filter lens further comprises a neutral density filter lens
layer adapted for absorbing visible light.

6. The sunlight filter device as recited 1n claim 5, wherein
the mounting system comprises a securing clamp mounted on
the hollow filter housing, a restraint cable having a first end
portion attached on the securing clamp, and a second end
portion extended from the securing clamp, and a clipping
member provided on the second end portion of the restraint
cable, wherein the securing clamp has a securing bar support-
ing the first end portion of the restraint cable.

7. The sunlight filter device as recited 1n claim 6, wherein
the restraint cable further has a first fastener provided on the
first end portion for securely fasteming the first end portion of

the restraint cable to the securing bar of the securing clamp,
wherein the clipping member has a second fastener provided
on the second end portion of the restraint cable.
8. A helicopter blade tracking system, comprising:
a helicopter blade tracker; and
a hollow filter housing having a first opening, a second
opening and a recerving cavity;
a filter assembly mounted in the receiving cavity adapted to
filter out sunlight; and
a mounting system extending from the hollow filter hous-
ing to securely mount the hollow filter housing on the
helicopter blade tracker, wherein the helicopter blade
tracker 1s configured to be in optical communication
with the filter assembly through the second opening.
9. The helicopter blade tracking system as recited 1n claim
8, wherein the hollow filter housing has a first portion and a
second portion downwardly extending from the first portion,
wherein the first portion has a diameter smaller than that of
the second portion, wherein the first opening 1s formed on the
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first portion while the second opening 1s formed on the second
portion at a position opposite to the first opening.

10. The helicopter blade tracking system as recited in claim
9, wherein the hollow filter housing further comprises a reten-
tion member provided 1n the receiving cavity, and has a tubu-
lar structure extending from a sidewall of the first portion to
the second portion of the hollow filter housing, and defining a
supporting platform on a top end of the retention member for
supporting the filter assembly.

11. The helicopter blade tracking system as recited in claim
10, wherein the filter assembly comprises a filter lens attached
on the supporting platiorm of the retention member, wherein
the filter lens comprise a polarizer lens layer adapted for
performing color and contrast enhancement for the helicopter
blade tracker.

12. The helicopter blade tracking system as recited in claim
11, wherein the filter lens further comprises a neutral density
filter lens layer adapted for absorbing visible light.

13. The helicopter blade tracking system as recited in claim
12, wherein the mounting system comprises a securing clamp
mounted on the hollow filter housing, a restraint cable having
a first end portion attached on the securing clamp, and a
second end portion extended from the securing clamp, and a
clipping member provided on the second end portion of the
restraint cable, wherein the securing clamp has a securing bar
supporting the first end portion of the restraint cable.

14. The helicopter blade tracking system as recited in claim
13, wherein the restraint cable further has a first fastener
provided on the first end portion for securely fastening the
first end portion of the restraint cable to the securing bar of the
securing clamp, wherein the clipping member has a second
fastener provided on the second end portion of the restraint
cable.
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